
CO2 Sounder for the ASCENDS Mission: 2011 ESTF Conference

GSFC

Abshire et al. -June 23, 2011 1 NASA
Goddard

James B. Abshire, Haris Riris, Graham R. Allan**,
Jianping Mao*, Xiaoli Sun, William Hasselbrack**, Mike
Rodriguez,** Clark Weaver*, Randy Kawa, Jeffrey Chen

NASA Goddard Space Flight Center
Solar System, Earth Science & Applied Engineering Divisions
*- GEST, Univ. of Maryland, ** - Sigma Space, Greenbelt MD

ESTO Task Manager: Joe Famiglietti

Supported by:
NASA ESTO IIP , NASA ASCENDS, Goddard IRAD  programs

Contact: James.Abshire@nasa.gov

Pulsed Lidar for Measurement of CO2 Concentrations
 for the ASCENDS Mission - Update

Presentation to:
 NASA ESTF Conference, Paper B8P1

Pasadena, CA
June 23, 2011



CO2 Sounder for the ASCENDS Mission: 2011 ESTF Conference

GSFC

Abshire et al. -June 23, 2011 2 NASA
Goddard

Laser Sounder Approach 
A candidate for the ASCENDS Mission

Simultaneous laser measurements:

1. CO2 lower tropospheric column
One line near 1572 nm

2. O2 total column (surface pressure)
Measure 2 lines near 765 nm

3. Altimetry & atm backscatter profile
        Range resolved CO2 signal

Measurements use:
• Pulsed lasers
• ~10 KHZ pulse rates
• 8 laser wavelengths for CO2 line
•Time resolved photon sensitive receiver

CO2 & O2 column measurements:
• Pulsed signal approach :

• Isolate full column signal from surface

• Reduces noise from detector & solar background

• Time of flight provides column length

~450 km polar orbit

CO2: 1572 nm

O2: 765 nm

• Target: ~ 1ppmV in ~100 km
along track sample
• Need ~0.2% measurements of
CO2 & O2 DODs in  ~10 sec
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View of nadir port showing
transmit and receiver
windows

Pulsed Airborne  CO2 Sounder Lidar
on the NASA Glenn Lear-25

(Airborne demonstration measurements for this approach
for ASCENDS)

Experiment Team in Ponca
City OK, USA
(2008 & 2009)
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CO2 Band, Airborne Line Sampling &
Absorption line analysis

Multi-wavelength Line Sampling allows:

• Detection & correction of Doppler & λ errors

• Modeling & reducing errors from varying λ response

• CO2 retrievals for lower & upper troposphere

Line Transmission
vs wavelength at
increasing alt.’s

λpk-100pm λpk+100pmλpk

For this analysis:
Retrieved Values:

Line Differential Optical Depth:
DOD =

OD( λpk) − [OD( λpk-100) +OD( λp+100)]/2

Optical Depth
of fitted lines
at increasing

alt.’s

“Dots” - lidar measurements
Fitted absorption line from analysis

Note: Other λ‘s
may be chosen

for analysis

CO2 Line: 1572.33 nm
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Pulsed Airborne CO2 Lidar - 2009

2009 CO2 Lidar Parameters:
Laser power & energy:            0.24 W, 24 uJ/pulse Laser divergence angle:         100 urad
Laser pulse width & rate:  1 usec, 10 kHz             Laser type:   DFB diode laser, AOM, Fiber amplifier
CO2 line:                     1572.33 nm Wavelength scans:            20 wavelengths, 450 Hz
Wavelength span: ~114 pm Wavelength spacing:    6 pm
Telescope diameter:                20 cm Receiver FOV:   200 urad
Receiver opt. bandwidth:        0.8 nm Receiver transmission:      65%
Detector quantum efficiency: ~5% PMT dark count rate:       ~ 500 kHz
Receiver range bin size:         8 nsec Receiver recording duty cycle: 50% (1 sec every 2 sec)

*
Example of
laser pulse
shape

• Configured as space lidar simulator - low laser power (0.24 W)

*- The 2009 receiver’s electronic counter limited maximum recorded signal levels

• Recorded signal rate on 2009 flights was ~ x25 weaker (=> noisier) than planned for space
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Checkout on ground
Ponca City Airport, OK

1. Cessna Takeoff
(DOE in-situ CO2 sensor)

2. Twin Otter Takeoff
(JPL 2 um lidar)

3. Lear Takeoff
(GSFC CO2 Sounder lidar)

4. UC-12 Takeoff
(LaRC/ITT Lidar, LaRC in-situ)

Coordinated Airborne Experiments to
Measure CO2 column densities to support

ASCENDS Science Mission Definition
(August 2009)

Ed Browell, NASA/LaRC
Experiment Team Leader

(& photos)
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Examples of Measurements through 2 Cloud layers
(cloud, cloud, ground echo pulses)

Note:
Absorption line shape to clouds - thinner, less deep
Absorption line shape to ground - broader & deeper

Expanded view of 1st echo
pulse group in sequence

mid level cloud echo
ground echo

Echo from cloud just under aircraft

CO2 line
absorption
region

(Raw measurements
uncorrected for τsys (λ) )

Nadir Camera Image for Measurement



CO2 Sounder for the ASCENDS Mission: 2011 ESTF Conference

GSFC

Abshire et al. -June 23, 2011 8 NASA
Goddard

Flight Above DOE Arm Site, Lamont OK
 on 8-4-09; 1 second averages (Uncalibrated)

1747 measurements
Min {σ (range)}= 3 m

Measured DOD vs
range is quite linear
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Flight Above Eastern Shore of VA on 8-17-09
1 second averages, Uncalibrated

2031 measurements
Min {σ (range)}= 1.8 m

Measured DOD vs
range is quite linear
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2009 - Ave’d column DOD Measurement
(uncalibrated) with in-situ & HITRAN 08

DOD fits from in-situ & HITRAN 08

2009 Flight comparisons of DOD

Location
Hitran DOD 

Slope*
Averaged Airborne 

Lidar Slope*
ARM Site 160 172 -869 -979
Homer IL 160 163 -890 -349

NC 156 179 -586 -192
VA 160 178 -818 -796

Averages: 159 173 -791 -579

*: * 1.e-6/m *: * 1.e-4

Percent Difference: 8.8 DOD offset was more variable
(Airborne/Hitran) and changed flight to flight

Using in-situ measurements
for calibration removes
slope and offset differences
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2009 measurements - VA Flight
Constant altitude segments

Median error = 1.0 ppm
For R = [8-10 km] errors ~0.5 ppm
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Airborne Experiments to Measure CO2 Column Densities to
Support ASCENDS Mission Definition;  July 5-18, 2010

GSFC instrumentLaRC/ITT instrument JPL/LMCT instrument

Objective: Measure & compare CO2 column densities over various topographic
targets with developmental lidar candidates for the ASCENDS mission

• Multi-functional Fiber Laser Lidar
(MFLL)

• Ed Browell/LaRC, Team Leader
• Instrument development via ITT IRAD,

NASA AITT funding, LaRC IRAD

• CO2 Sounder lidar with O2
measurement experiment

• Jim Abshire/GSFC, Team Leader
• Instrument development via NASA

ACT & IIP programs, GSFC IRAD

• CO2 laser absorption spectrometer (CO2LAS)
• Gary Spiers/JPL, Team Leader
• Instrument development via NASA ACT, IIP &

AITT programs, JPL IRAD

5 science flights over different regions & topography
Altitudes: 3-13 km (in ~3 km steps),+ spiral to near surface
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July 2010 CO2 Sounder
Configuration flown on NASA DC-8

       2010 CO2 lidar improvements:

• Improved receiver photon counter

        -> ~x3 stronger recorded signals

• Increased λ samples across line ~x2

• Increased recording duty cycle x4/3

• Consistent settings during operation

• Added O2 lidar experiment

• Better temperature control on DC-8

      CO2 Results:

• Recorded signal increased ~x9

• Better constrained line fits
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2010 Echo Pulse and CO2 Line Shape Examples
DOE ARM Site Flight 7-18-10

CO2 Lidar Settings for last 3 2010 flights:
• 30 samples across line
• Wavelength span = 87 pm
• Wavelength spacing = 3 pm

Very good line fits (low fit errors)
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2010 Airborne CO2 Measurements
Pacific Ocean Flight, July 14, 2010
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Pacific Ocean
Flight

July 14, 2010

2010 Airborne CO2 Measurements
Pacific Ocean Flight, July 14, 2010

Slopes:
Measured:  0.159/km
Calculated: 0.155/km

Difference: 2.6 %
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2010 Airborne CO2 Measurements
Pacific Ocean Flight, July 14, 2010

Median random error (80 sec ave) = 0.42 ppm
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CO2 2010 Flight Measurements
DOE SGP ARM Site Flight 7-18-10

~ 6900 accepted measurements/flight

DOD follows
Range

Very smooth ~ linear change of
DOD with Range

Slopes:
Measured: 0.164/km
Calculated: 0.161/km

Difference: 1.8%
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2010 CO2 Flight Measurements
Arm Site Flight on 7-18-10

=> Median error (10 sec ave): 0.9 ppm
• Similar performance:  8-12 km

• Median random error (80 sec ave):  0.30 ppm
• Min error (~ 8km, 80 sec ave ):       <0.2 ppm
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2010 Measurement Comparison
Ocean & ARM Site Flights

•  In-situ measurements &
calculations show higher CO2
column density above ARM site

• Measured DOD slopes:
 ARM Site > Ocean flight

• Lidar readings are consistent
with predictions

• Lidar measurements made:
    - 4 days apart
    - Over different surfaces

• Quite encouraging !
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Airborne O2 Column Measurements
~765 nm on 2010 Ocean Flight (Haris Riris)

Monitor

Return

Normalization

Observations (Lidar echos)

Return

Normalizations

1 sec Average
10 min Average
HITRAN Prediction

Predicted from Altimetry, T,
P, HITRAN

10 Kft 20 Kft
Results:
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Summary

Workshop report:
http://cce.nasa.gov/ascends/index.htm

Made significant progress in developing the CO2
Sounder approach & key technologies:

• CO2 and O2 (pressure) measurements

• Line shape & column height measurements

• Robust against atmospheric scattering

• 1st mission simulations show can meet science needs

• Airborne demonstrations for ASCENDS definition:

2009: CO2 measurements - analyzed, 1 ppm error

2010: CO2 measurements show 0.3 ppm errors

           O2 absorption measurements demonstrated

• 2011: flights in July: more CO2 & O2 improvements

• New IIP-10 award concentrates on “scaling to space”:

 - Laser amplifiers (4 mJ energy): Raytheon

 - More sensitive long life CO2 detector: DRS

               We appreciate the ESTO support !
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More Information

Approach & 2008 flights

2009 Instrument & initial analysis

Laser Diode locking to CO2 line 


